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An error detection apparatus and method for use with 
engravers (figure 9), such as gravure engraven. An error value 
E corresponding to the difference between a set of predetermined 
setup parameters and actual measurement of a portion of an 
engraved area on the cylinder (10') is determined. The error 
value E is then used to adjust the engraver to engrave an actual 
cut or etch in accordance with the set of predetermined setup 
parameters. Advantageously, an error detection and correction 
system is suitable for providing a closed-loop system for engraving 
a cylinder (10 ). The apparatus and method (figure 9) may 
be used during initial setup or during normal operation of the 
engraver. Other features include an auto foe us routine (figure 13) 
to facilitate the autofocus procedure. Also, image processing is 
further enhanced by gap filling, discontinuity removal, and light 
calibration methods which may be used alone, in combination with 
each other, or in combination with the automatic focus system (46*) 
and/or automatic shoe system (209'). 
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Serial No. 022,127 filed February 25, 1992 and a 
continuation-in-part of Serial No. 08/242,012 filed May 
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reference and made a part hereof. 



Background of the Invention 
This invention relates to engraving heads of 
the general type disclosed in Buechler U.S. Patent 
15 4,450,486. Such engraving heads comprise a diamond 

stylus carried by a holder mounted on an arm projecting 
from a torsionally oscillated shaft. A sine wave driving 
signal is applied to a pair of opposed electromagnets to 
rotate the shaft through a maximum arc of approximately 
0.2 5° at a frequency in the neighborhood of about 3,000 
to 5, 000 Hz . 

A guide shoe is mounted on the engraving head 
in a precisely known position relative to the oscillating 
stylus. The engraving head is supported for tilting 
movement by a set of leaf springs secured to a rearwardly 
projecting bar. A DC motor rotates the bar so as to 
bring the guide shoe into contact with a printing 
cylinder to be engraved. When the guide shoe is in 
contact with the printing cylinder, the stylus oscillates 
from a position just barely touching the printing 
cylinder to a retracted position about 100 microns 
distant from the surface of the cylinder. 

Once the guide shoe is in contact against the 
printing cylinder a video signal is added to the sine 
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wave driving signal for urging the oscillating stylus 
into contact with the printing cylinder thereby engraving 
a senes of controlled depth cells in the surface 

5 witTtT Cylind - — s in synchronism 

lth ° SClllat -9 movement of the stylus while a lead 

screw arrangement produces axial movement of the 
engraving head so that the engraving head comes into 
engraving contact with the entire printing surface of the 
printing cylinder. 

10 c U1 In en 9 rav i"3 systems of the type taught by 

Buechler, it is necessary for the machine operator to 
perform a tedious trial and error setup procedure at one 
end of the printing cylinder prior to commencement of 
engraving. This procedure involves adjustment of the 
gam on amplifiers for the sine wave driving signal and 
the video signal so as to produce "black" printing cells 
of a desired depth together with connecting channels of 
another desired depth and clean non-engraved white cells 
or areas. Each change of one of the control variables 
20 interacts with the others, and therefore the setup 
becomes an iterative process. 

There is also a need in the engraving industry 
to provide an engraving system and apparatus with imaging 
and focusing capabilities which further facilitate 
5 automatically focusing on a surface of the cylinder and 
subsequently capturing images and measuring engraved 
areas on the surface. What is also needed is an 
engraving system which can quickly measure a dimension of 
a cut or cell, for example, of precisely controlled 
0 dimensions during set-up or real-time operation of the 
engraver. 

There is a further need to provide a system and 
method for processing data corresponding to captured 
image*, for example, by eliminating undesired image data 
' °r filling in discontinuous data corresponding to gaps in 
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the array of data which correspond to gaps in a captured 
image . 

What is also needed is an engraver comprising 
an apparatus or method for scaling or calibrating the 
intensity of light used in the focusing process to 
enhance automatically focusing, measuring and engraving 
cuts of precisely controlled dimensions. 

It is therefore seen that a need has existed 
for an engraving system which may be quickly and easily 
set up to engrave cells of precisely controlled 
dimensions in the surface of a gravure printing cylinder. 

Summar y of the Invention 
In one aspect, this invention comprises a 
method for adjusting an engraver to engrave a cylinder 
15 with an actual cut according to predetermined setup 
parameters, said method comprising the steps of: (a) 
determining an error value corresponding to the 
difference between said predetermined setup parameters 
and an actual measurement of a portion of an engraved 
20 area on said cylinder; and (b) using said error value to 
adjust said engraver to engrave said actual cut in 
accordance with said predetermined setup parameters. 

In another aspect, this invention comprises a 
method for measuring a portion of an engraved area on a 
25 cylinder in an engraver, said method comprising the step 
of generating a plurality of actual dimension values 
corresponding to said portion. * . . 

In still another aspect, this invention 
comprises a system for measuring a portion of an engraved 
30 area on a cylinder in an engraver, said system comprising 
a measuring device for generating a plurality of actual 
dimension values corresponding to said portion. 

In yet another aspect,, this invention comprises 
an error correction system for use in an engraver 
35 suitable for engraving a cylinder with an actual cut in 
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accordance with predetermined setup parameters, said 
error correction system comprising determining means for 
determining an error value corresponding to the 
deference between the predetermined setup parameters and 
a measurement of the actual dimensions of a portion of an 
engraved area on said cylinder; and a system coupled to 
said determining means for receiving said error value and 
also for adjusting said engraver to engrave said actual 
cut in accordance with said predetermined setup 
10 parameters. 

In still another aspect, this invention 
comprises a method for measuring a portion of a cylinder 
m an engraver, the method consists of the steps of 
focusing on a focus area of cylinder with an imager 
15 imaging the portion with the imager, generating an array 
of data corresponding to the portion, and determining at 
least one actual dimension value using the array of data 

In another aspect, this invention comprises a 
system for imaging an area of a cylinder in an engraver, 
the system comprising an imager for capturing an image of 
the engraved area and a video processor coupled to the 
imager for generating a plurality of dimension values 
corresponding to the image, the imager comprising an 
illummator capable of illuminating the area to a 
25 plurality of light intensity levels. 

In another aspect, this invention comprises an 
engraver for engraving a plurality of cells on a surface 
of a cylinder engraver consisting of a support for 
rotatably supporting the cylinder, an engraving head for 
30 engraving the cylinder, the engraving head being mounted 
"i operable relationship with the cylinder when the 
cylinder is rotatably mounted on the cylinder, and an 
image system associated with the engraving head for 
capturing an image of an area on the surface. 
35 In a sti11 further embodiment, a method for 

imaging an area of a surface of a cylinder comprises the 
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steps of supporting the cylinder on an engraver in 
operative relationship with an engraving head, imaging 
the area of the cylinder with an imager associated with 
the engraving- head to provide image data, and focusing 
5 the imager on a surface of the cylinder using the image 
data . 

The present invention also provides an 
engraving apparatus and method wherein a plurality of 
parameter signals are supplied to a setup circuit or 
10 computer for computing engraving parameters to control 
the engraving response of the engraving stylus to an 
input video signal. An input AC signal and an input 
video signal are multiplied by multiplication factors 
which are generated by the computer. The computer also 
15 generates a white offset signal which is combined with 
the above mentioned multiplication factors to produce a 
driving signal for the engraving stylus. The stylus then 
engraves cells of the desired geometry. 

The computer is provided with input signals 
20 which indicate a desired black cell width, a desired 
channel width, a desired highlight cell width and the 
video voltage level at which a highlight cell of the 
desired width is to be engraved. The values of these 
parameters are used for solving a set of equations which 
25 produce the appropriate values for the two multiplication 
factors and the white offset. 

A video camera is operated to produce a frame 
of video information including an image of an engraved 
area, such as a cell, which has been engraved by a video 
30 signal of a predetermined level. A video processing 

circuit measures the width of the cell which has been so 
imaged and reports it to the computer. The computer then 
adjusts the multiplication factors and the white offset 
through use of an error term which is equal to the 
35 difference between the expected cell width and the 
measured cell width. 
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Brief Dftsrriptinn »f n hp nr a wi^ > 
Fig. 1 is a schematic illustration, partly in 
perspective, of a programmable engraving system according 
to the present invention; 

5 c Fig. 2 is a schematic illustration of a series 

of cells engraved in a printing cylinder; 

Figs. 3A-3C are time correlated schmeatic 
illustrations of AC and video signals for controlling an 
engrave stylus and the engraving movement which results 
10 therefrom; 

Fig. 4 is a flow chart illustrating the method 
of cell width control in accordance with the invention; 

F ig . 5 is a graphical plot of the maximum cell 
depths resulting from video input signals ranging from 0 
1= to 10 volts, • 

Fig. 6 is a schematic illustration of a video 
frame including a highlight cell; 

Fig. 7 is a flow chart of a cell width 
measuring algorithm; 



20 



25 



Figs. 8A and 8B, taken together, show a flow 
chart of another measuring algorithm; 

Fig. 9 is a schematic illustration, partly in 
perspective, of a programmable engraving system according 
to another embodiment of the invention; 

Fig. io is a perspective view showing details 
of various features of an engraving head used in the 
engraving system in another embodiment of the invention; 

Fig. 11 is a front view of the engraving head 
shown in Fig. 10; 

Fig. 12 is a schematic illustration of an 
imager or imaging system in accordance with another 
embodiment of the invention; 

Fig. 13 is a flow chart illustrating an 
automatic focus and imaging method in accordance with 
35 another embodiment of the invention; 



30 
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Fig. 14 is a graphical plot of an intensity 
index, focus index and best focus position; 

Fig. 15 is a schematic illustration of a light 
calibrating method; 

5 Fig. 16 is a schematic illustration of a 

discontinuity locator and method for locating and 
removing data corresponding to discontinuities in the 
image of data; 

Fig. 17 is a partly broken away schematic 
10 illustration of a series of engraved cells and also 

showing some gaps in a cell wall and a discontinuing in 
the form of a scratch that may appear in a surface o; a 
cylinder; 

Fig. 18 is a schematic illustration of filler 
15 routine for filling in continuous data into an array of 
data; and 

Fig. 19 is a general schematic of a set-up 
sequence which utilizes one or more of the embodiments 
described herein. 

■ 20 Description of th e Preferred Embodimpnr 

Referring to Fig. l there is illustrated a 
gravure printing cylinder. 10 mounted for rotation by a 
drive motor 12 and engraving by anengraving stylus 20. 
During the engraving operation, stylus 20 moves 
25 engravingly toward and away from printing cylinder 10 to 
produce a series of cells arranged along a track 30. A 
lead screw motor 14 rotates a leadscrew 56 to cause 
movement of stylus 20 in a direction parallel to the axis 
of cylinder 10. If lead screw motor 14 moves 
30 continuously, then track 30 will have a helical 

configuration. Intermittent energization of- motor 14 
produces a series of spaced circular tracks 30. 

Stylus 20 is driven into engraving contact with 
print cylinder 10 by an electromagnetic driver 61 
35 operating in response to a drive control signal on line 
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60. Electromagnetic driver 61 may be configured as 
generally disclosed in Buechler U.S. Patent 4,450,486. 

The signal on line 60 has an AC component, a 
v.deo component and a white offset component appropriate 
5 for producing an engraving action as hereinafter 

described. The AC component is derived from an AC input 
signal generated by a clock 47 and applied to a computer 
34. The AC input signal is multiplied by a 
multiplication factor Ka as described in detail in Serial 
10 No 08/022,127. Computer 34 generates the video 

component by calculating another multiplication factor Kd 
and multiplying it against a video input signal The 
white offset is derived from an offset signal WD 

15 wd bv so! C ° mPUter 34 gen «~ates ^e Parameters Ka, Kd and 
WD by solving a set of three equations as described 
below. A control panel or keyboard 32 is provided in 
order to enable entry of values for six constants 
appearing in the three equations. These constants are 

2 0 HT h z 11 r idth< Bw< hi9hii9ht cen wiath < «*• 

20 width CW, the video voltage, Vh, corresponding to HW 

stylus constant, Ks , and the black cell voltage, Vmax . A 
shoe offset, s, may also be entered if desired. 

As hereinafter discussed in more detail, the AC 
component of the signal on line 60 causes stylus 20 to 
oscillate in a sinusoidal manner relative to printing 
cylinder 10 with a wavelength dependent upon the surface 
speed of the cylinder. The rotational speed of drive 
motor 12 must be adjusted so as to .produce an engraving 
. track 30 having an odd number of half wavelengths during 
a full engraving rotation. Computer 34 transmits a lead 
screw control signal to lead screw motor 14 via a line 
24. This signal is adjusted so as to cause lead screw 
motor 14 to advance stylus 20 an axial distance equal to 
one-half of a black cell width plus one-half of a 
35 connecting channel width, plus one separating wall width 
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during each complete rotation -of the printing cylinder 
10. 

The equations for Ka, Kd and WD assume a linear 
relationship between the input video signal and a 
5 resultant engraved cell width. While this is a fairly 
accurate assumption in many cases, there are times when 
adjustments are required. If so, then tabulated 
corrections may be made as taught in Serial No. 
08/022,127, the parent application hereof, the disclosure 
10 of which is incorporated herein by reference. 

Another problem is drift. Although computer 34 
may be programmed properly and may initially produce 
correct cell widths, gain changes in analog components or 
mechanical changes in the positioning of the shoe which 
supports stylus 20 may require incorporation ■ of an 
adjustable correction term in the algorithm employed for 
calculation of Ka, Kd and WD. For this purpose there is 
a videoing means or imager, such as video camera 46, 
which is focussed on track 30. The video camera 46 ' views 
a portion of track 30 which is illuminated by a strobed 
lamp 58 and provides frames of video feedback information 
to a video processor 41. Strobe signals for lamp 58 are 
provided at the correct frequency and phase by a cell 
counter 42 on line 55. 

Although not shown, in the embodiment of the 
invention, the strobed lamp 58 is integral with the video 
camera 46 so that the strobe flashes through a lens (not 
shown) of video camera 46. In addition, the video camera 
46 may have an auto-focus camera or attachment 202 for 
enabling it to focus on any size print cylinder 10. The 
video processor 41 is capable of controlling the 
autofocus feature so that if, for example, the printing 
cylinder 10 is changed to a printing cylinder having a 
different radius. The video processor 41 includes 
conventional circuitry to ensure that the image is in 
focus. Cell counter 42 counts pulses generated by a 



20 
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clock 4 7 at four times the AC frequency. At this 
frequency a clock pulse is generated each quarter 
wavelength of engraving stylus oscillation. 

The geometrical configurations of typical black 

ce ;'anT eCtin9 ChannSlS ^ ^hlight 

cells and separating walls are illustrated in Fig. 2 . 
That figure depicts a ser . es Qf w . dg( black 9 cells 

7 T a T :; ri :; of shaiiower «* — -^ ght cii: 

10 h k llluSt "^d cells comprise portions of three 
10 side-by-side engraving tracks 30. Black cells 70 have a 
X1M ; idth BW " The control signal for the stylus Is 
-justed so as to produce connecting channels 72 between 

idth ;r h y r g r ed biack ceiis 70 • ch ™^ ■» 

width CW, while highlight cells 7 6 have a width HW The 
SCall °^ d edge, of the cells 70 result fro. the 
™L\\ C : na T ° SCillati ^ CUtti ^ action of stylus 20 during 

11 TurZ ^ Printin9 Cylinder 10 thereunder. 

As further illustrated in Fig . 2 , a series of 

20 7ZIIT7 en9raved black cells 70 may be * 

Ulsa \ ^ 3 SSrieS ° f S — engraved cells 70 
(also illustrated as being black cells, in an adjacent 

engraving track 30. 3 nt 

Fi 9 2 will S6rieS ° f CSllS COnfi ^ red - illustrated in 
Fig . 2 will print a graphic pattern defining a diagonally 
2 S extending screen. The tangent of the screen angle 

ratio of the black cell width to the wavelength of 11 
stylus cutting motion. The cutting wavelengfch 

anTthTos^ n 6 SUrfaCe SPeSd ° f Printin9 blinder " 

^ and the oscillation frequency of stylus 20. Thus, the 

perron 6 bS adjUStSd ^ adjUStin9 "» 

speed of cave motor l 2 , but such adjustment must be 

. « incremental steps so as to maintain an odd number of 
half wavelengths around the circumference of the printing 
. cylinder. Alternatively, the screen angle may be 
35 adjusted by adjusting the black cell width and the 
operating speed of leadscrew motor 14 . 
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The driving signals for stylus 20 and the 
resulting vertical movement of the stylus 20 are 
illustrated in Figs 3A-3C. The. driving signal (Fig. 3C) 
is obtained by adding an AC signal 80 (Fig. 3A) to a 
5 video signal 82 (Fig. 3B) . The illustrated video signal 
82 has, by way of example, a white video level 86, a 
black video level 88 and a highlight video level 90. The 
video signal and the AC signal are combined with an 
offset such that the stylus is -raised out of contact with 
10 the cylinder surface during the entire time that video 
signal 82 has a white level 86. The minimum white 
elevation is WD. 

When video signal 82 goes from a white level to 
a black level, stylus 20 moves into engraving contact 
15 with the cylinder as shown by stylus position line 84. 

In this condition the stylus oscillates between a minimum 
depth CD and a maximum depth BD. When stylus 20 is at 
the depth CD, it engraves a connecting channel 72. When 
video signal 82 shifts to a highlight level as indicated 
20 by the reference numeral 90, stylus 20 oscillates between 
a position out of engraving contact with cylinder 10 to 
an engraving position having a maximum depth HD.' AC 
signal 80, video signal 82 and a white offset signal are 
produced by a setup circuit in computer 34. 
25 In general, a set of predetermined setup 

parameters (BW, HW, CW, Vh, Ks and Vmax) may be inputted 
into control panel 32. These predetermined setup 
parameters generally correspond to the desired dimensions 
of, for example, either the highlight cell 76 or cell 70. 
30 These parameters are received by computer 34 which, in 

turn, generates a plurality of energizing signals (Ka, WD 
and Kd) in response thereto. The input signals control 
the depth of stylus 20 at any instant in time. In the 
embodiment being described, the computer 34 determines 
35 the depth of stylus 20 by using the fol lowing equations . 
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V(t) 
where : 



D(t) = Ka * a * (sin(w * t) - l 



) - WD + Kd * 



10 

time ) 



Ka = gain factor of the AC amplifier 

A = maximum value of the AC reference signal 

w = frequency of AC reference signal 

t = time 

WD = white offset 

Kd = gain factor of video amplifier 

V(t) = video voltage at input (function of 



The maximum black depth occurs when sin( w * t) =1 and 
v(t) - Vmax. Therefore the black depth is given by: 

(1) BD = Kv + Vmax - WD 

15 The channel depth CD occurs when sin <u * t ) - 0 and 
v(t) = vmax. Therefore the channel depth is given by: 

(2) CD = Ka * A - WD + Kv * Vmax 

The highlight depth HD occurs when sin * t) = i and 
v(t) = highlight voltage vh. Therefore : 
20 O) HD = Kv * Vh - WD 

For an engraving operation using a stylus having a 
cutting tip angle (tip), the dept hs BD, CD and HD are 
respectively equal to Ks * BW, Ks * CW and Ks * HW, where 
Ks is a stylus constant given by the equation: 



25 



Ks = l / ( 2 * TAN (tip / 2) ) . 

Making the above indicated substitution, equations (i) - 
(3) can be rearranged to produce: 
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(4) Kv = Ks * (BW - HW + E) / (Vmax - Vh) 

(5) WD = Kv * Vmax - Ks * BW 

(6) Ka = (Ks * CW + WD - Kv * Vmax) / A 

where E is an error which is used to correct the solution 
for observed errors in HW. 

Equations (4) - (6) may be solved in sequence. 
Thus the value of Kv obtained from the solution of 
Equation (4) may be used in the solutions of Equations 
(5) and (6), and the value of WD obtained from Equation 
(5) may be used in Equation (6). Computer 34 proceeds in 
this , fashion to calculate Kv, WD and Ka . Alternatively, 
the screen angle (SA) and the wavelength (WL> of the 
stylus cutting motion may be used as setup parameters. 
In that case BW may calculated from the equation: 

15 BW = WL * tan(SA) 

This value of BW then is used in the computation of the 
engraving parameters. 

In the event that there is a small error in the 
positioning of the shoe against printing cylinder 10, 
then an additional predetermined setup parameter S may be 
supplied to computer 34. If this parameter is provided, 
it is treated as a depth offset which is multiplied by Ks 
and added to BW, CW and HW. prior to performing the above 
outlined solution. 

Referring now to Fig. 5, the maximum cell depth 
is seen to be directly proportional to the video input 
signal. As illustrated in the figure, a maximum 10 volt 
video input signal produces the maximum cell depth BD 
required for engraving a black cell. For the illustrated 
30 example, computer 34 has been given a highlight width HW 
= .25 * BW. Hence the highlight depth HD is 25% of BD. 
The Figure also reflects a setting of 3 volts for Kh . 
Under those conditions a video signal having an amplitude 
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equal to 30% of a "black" video signal produces a cut 
having a depth which i s on l y 25% of the black cell depth 
As a result the maximum cell depth goes to zero for a 
video input of about 0.7 volts. For video signals 
5 smaller than that amount, the cutting stylus remains out 
of contact with the printing cylinder. For a "white- 
video input the stylus is retracted from the engraving 
cylinder by a minimum distance WD, which is the white 
offset . 

10 ln f ° Uring thS initial set "P °f the print cylinder 

10 for engraving, or even after engraving has begun, it 
may be desirable to adjust the predetermined setup 
parameters BW. HW, Vh, Ks, and Vmax and their associated 
energizing signals Kd, „ D and Ka to reflect differences 
15 between the predetermined setup parameters and an actual 
measurement of a portion of an engraved area (Fig 2 , 
This facilitates providing a closed- looped system which 
can be self-adjusting and self -monitoring . m order to 
effect this closed-looped system, it is necessary to 
calculate an error value which generally corresponds to 
difference between the predetermined setup parameters and 
an actual measurement of the portion of the engraved area 
on the print cylinder. Once the error value is 
determined, the computer 34 can adjust the predetermined 
25 setup parameters and corresponding energizing signals Ka, 
and Kd in response to the error value E. 

It is important that camera 46 may be adjusted 
for vowing a precisely determined position of track 30 
It is to be noted that an individual cell is strobed 
while the engraver is engraving. For this purpose 
stylus 20 is activated to engrave a test track at one end 
of cylinder 10. Although it is possible that an operator 
could view a monitor or display (not shown) and 
manipulate a cursor control knob (not shown) on the 
3 5 above-mentioned keyboard, computer 34 is capable of 

automatically strobing a flash and capturing an image on 



30 



SMOOCH): «WO_«M13«IA1JL> 



WO 96/31349 



PCT/US96/0J464 



- 15 - 



15 



20 



25 



30 



35 



the video camera 46. The video processor gets the new 
image and measures the width of the strobed cell and its 
associated channel. This information is sent to computer 
34 as cell size feedback information. Since there is a 
5 distance between the stylus 20 and the camera pickup 46, 
computer 34 has to save a cell position distance count 
between camera 46 and stylus 20. The computer uses this 
position offset count- to time strobes on line 55 for 
imaging specific cells known to have been engraved at 
10 particular points in time. 

Fig. 4 illustrates the overall - process involved 
in controlled engraving and error correction system 
according to one embodiment of the present invention. 
The process begins at an entry point indicated by the 
reference numeral 100. The first step is the entry of 
the setup parameters BW, HW, Vmax, Vh and Ks (Block 102). 
These parameters may be read from a disk file or entered 
into a keyboard by an operator. In the case of operator 
entry, the predetermined setup parameters may be obtained 
by visual observation of cells in a manually controlled 
sample track which is cut at one end of printing cylinder 
10. However entered, the predetermined setup parameters 
are stored in computer 34 for setup control. Computer 34 
then sets the value of the error term, -E, equal to a zero 
(Block 104). and proceeds to calculate the engraving drive 
parameters Kd, WD and Ka using equations (4) - (6) above 
(Block 106). This puts the system in readiness to 
commence engraving . 

Once the engraving drive parameters are 
available, computer 34 generates the energizing or 
control signals which cause video pixel data to be read 
from an appropriate data file (Block 108). Other control 
signals activate drive motor 12, leadscrew motor 14 and 
workhead 16, and engraving begins (Block 110) Computer 
34 then begins checking the .progress -.of the engraving job 
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•ri n : e ii2) - The system - its - — »« -n the jo b 

• ,^ emb ° dimenC ' the error value E may be 

determined by using one predetermined para J ter 

S na.ly, v h . In general , the errQr ' 
osculates error value E by compar±ng ^ £ 

tLL' an : T C ° 3 ValUe ° f Vh WhlCh 13 "—mined by 
10 \rt eT H 9 , U meaSUremSnC ° f * P-selected cell sot 

va !e or VH ^ A ^ <«*-tly occurring 

or the o , ^ * ^ W «" S ^ Parameter 

or the predetermined setup parameters. Therefore 

computer 34 maintains a record of the frequency of 

occurrence of different values of vh (Block i 16) and 

15 compares the set value of Vh against the value of Vh . 

TelVllTt tC ? S m ° St f — occurring. When the 
set value x. found to deviate more than a prescribed 

ni T; am ° Unt fr ° m m ° St gently occurring value 

the n tne predetermined setup parameters CQrre 9 - 

descr^eT ^ ^ embodiment being 

descried, a corresponding new value of HW may be 

calculated. This calculation involves solution of the 
. equation: 

HW = (Kd * Vh - WD) / Ks. 

" made r ^ ^ en9I " aVing P ro «^s, periodic checks are 
made to ascertain whether the system is engraving 
highlight cells of width HW in response to video input 
sxgnals of voltage Vh. When a measurement time arrives 

30 V lm \ iCated ^ ChSCk " P °-t »2. the system 

JU proceeds to Block 124 Thi<= m^i 

This block involves a strobing of 
lamp 58 which causes camera 46 to generate a frame of 
video information. video processor 41 is also strobed to 
measure the width of a highlight cell which appears in 

35 in rl ^ WhiCh 15 kn ° Wn C ° haVe been ^»ved 

" res P° nse to a video voltage Vh. The error term E is 

set equal to the difference between the actual measured 
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value HW and the current setting of HW. The system then 
proceeds to Block 127 where the predetermined setup 
parameters, such as Kd, WD and Ka, are recalculated in 
computer 34 using the new value of E . This has the 
5 effect of eliminating or reducing the error value E. The 
system then returns to block 108. 

Video camera 46 is mounted on a frame 57 
supported by leadscrew 56. Camera 46 is adjustable 
relative to frame 57 so as to generate frames of video 
10 information which are centered upon track 30. 

Preferably, camera 46 comprises a CCD array which produce 
a new frame of video information with each flash of lamp 



58 . 



It is important that camera 46 be adjusted for 
15 viewing a precisely determined portion of track 30. For 
this purpose stylus 20 is activated to engrave a test 
track at one end of cylinder 10. Computer 34 saves a 
position count and uses it to time the strobes on line 55 
for imaging specific cells known to have been engraved at 
20 particular points in time. 

Fig. 6 illustrates a typical frame of video 
information 600 including a highlighted cell 606 which 
was engraved PC clock counts prior generation of the 
strobe which produced the frame 600. Frame 600 comprises 
25 a series of horizontal lines which are too numerous for 
illustration. Representative horizontal video lines are 
indicated by the reference numerals .602. These lines are 
a subsampling of the cell image captured by the strobe. 
The actual cell size dimensions are measured from these 
30 lines. 

Video processor 41 processes lines 602 
sequentially from top to bottom. The video information 
goes through localized thresholding (not shown) . Pixels 
which are lighter than the threshold are deemed to be 
35 white, whereas pixels which are darker. than the threshold 
are deemed to be black. In the embodiment being - 
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described, the threshold amounts are set at a preselected 
gray scale levels. 

As each line of video information is processed 
by thresholding, it is examined for the presence of 
5 black/white and white/black transitions. Fig 6 

illustrates black/white transitions by sym bols denoted by 
the reference numeral 610, whereas white/black 
transitions are denoted by symbols indicated by the 
reference numeral 611. This establishes a series of 
10 boundary lines as illustrated in Fig. 6 by reference 
numerals 604, 605, 606, 607, 606 and 609 . These bo(j 
lanes define a white region 650. 

Video processor 41 recognizes the white region 
650 by a black/white transition 610 followed by a 
15 white/black transition 611. For each such transition 

pair video processor 41 establishes a first linked list 
If the programming is performed in the C language, for 
example, then such a linked list may be represented by an 
entity known as a structure. Each such linked list 
20 includes the X coordinates of the left and right 
boundaries of the white region indicated by the 
transition pair. The linked lists for each scan line 602 
are associated with the linked lists of the preceding 
scan line by comparison of the boundary points. 
25 For the first six video lines 602 of Fig 6 

only one white span (and one linked list) appears 
However, on the seventh horizontal line, denoted by the 
reference numeral 602a, two additional transition points 
611d, 610d appear. These two new transition points mark 
30 the boundaries of highlight cell 606. it can be seen 
that the appearance of highlight cell 606 causes a 
"split" in the white region 650. Video processor 41 
reacts to this split by establishing a second and third 
linked lists to replace the first linked list previously 
35 being processed. 
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Once a split is observed, the video processor 
knows that highlight cell 606 is present The video 
processor then compares the left boundary of the third 
linked list with the right boundary of the second linked 
list to determine the width of the highlight cell 606. 
The highlight width is calculated for each scan line 602 
and compared with the highlight width calculated for the 
preceding scan line. Each time a comparison is made, 
video processor 41 saves the larger value. The process 
continues until the intermediate black region disappears 
(at 602b) and the two legs of white region 650 merge At 
this point the measurement ceases and the processor saves 
the observed maximum value of HW. Video processor 41 
passes this value of HW to computer 34. The computer 34 
15 associates the reported value of HW with the specific 

engraving command, which was sent to stylus 20 PC clock 
counts earlier than the strobe which produced the video 
frame. 

Fig. 7 illustrates the above outlined measuring 
20 process in flow chart form. Thus, HW measurement begins 
at a start point 136 and proceeds to a scanning step at 
block 13 8. As discussed above, frame grabbing. or 
scanning is initiated by a strobe signal on line 55. It 
should be appreciated that the cylinder could be ' 
25 stationary (i.e., not revolving) during the videoing, 

measuring and error correction process. It should also 
be noted that the system and method for measuring may be 
used independently to provide means for measuring, 
portions of actual cuts in cylinder 10. Thus, -the system 
30 and method of measuring per se could be used to measure 
the actual measurements for display on a monitor (not 
shown) so that subsequent manual adjustments, for 
example, can be made to correct for any errors. 

Once a frame has been scanned the video 
35 processor checks the line number at point 140. • If the 
bottom of the frame has been reached, then there is an 
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exit, at point 142. Assuming that the frame bottom has 
not been reached, the program proceeds to block 144 where 
it establishes transition points 610, 611. Then the 
program obtains the white ranges at block 146 for use in 
the above-described linked lists. Next the program looks 
for a s P l lt at point i« . If a split is noted, then the 
two resulting linked lists are tagged at block 152 and a 
flag is set at block 154. 

The P r <Wn checks the state of the flag at 
10 pomt 156 and jumps down to block 164 for a negative 
result. This means that the top of highlight cell 606 
has not yet been reached and there is no need to measure 
a cell width. Consequently, the program simply 
increments the line number at block 1 64 and returns back 
15 to point 140 . 

If the check at point 156 indicates that the 
flag has been set, then the program checks for a merge at 
point 158. if a merge is noted> then program ex . ts 

from the measurement routine. if a merge nas not 
20 occurred, then the program checks the separation distance 
between the two legs of the white region 650 This 
distance is compared at point 160 against previously 
saved separation distances. if the new separation 
distance is greater than any previously saved distance, 
25 then HW is set equal to that distance. Referring again 
to Fig. 6, the first separation distance is the distance 
between points 611d and 610d. This distance keeps 
increasing until the program reaches points 611a and 
610.. At that point the separation distance is maximum, 
30 and no further adjustments of HW are made. 

The video processor 41 then feeds the measured 
value of HW back to computer 34 and it is compared to the 
most frequently occurring value of HW. if the difference 
is below a predetermined threshold or zero, then no 
adjustment is made to the predetermined setup parameters 
If on the other hand, there is a difference between the 
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HW measured and the most frequently occurring value of 
HW, then computer 34 adjusts the predetermined setup 
parameters until the engraver is cutting cells that fall 
within the predetermined setup. 
5 Thus, in the embodiment being described, this 

invention comprises a method for measuring a portion 67 
(Fig. 2) of an engraved area 69 on the cylinder 10 during 
rotation of the cylinder 10 or while the cylinder 10 is 
stationary. The method uses video processor 41, 
10 videocamera 46 and strobe 58. The method comprises the 
steps of videoing the portion 67 of the engraved area 6 9 
and generating a video image (such as the image shown in 
Fig. 6) corresponding thereto. These steps are. effected 
by using the video processor 41 to process the .video 
15 image data in order to determine the actual measurements 
of the portion which was videoed. 

Fig. 8 shows another embodiment of the 
invention wherein the cell width BW, channel width CW, 
highlight width HW, and error value E are measured and 
20 determined using a similar technique. In this 

embodiment, video processor 41 determines the existence 
of the white region 650 by the black/white transition 610 
followed by a white/black transition 611. The cell which 
was actually measured and strobed is assumed to: be 
25 generally located in the center of the scan frame 600. 

At this point, the video processor 41 begins a 
filling in process whereby it starts from a location 
somewhere within cell 606 and begins filling in memory 
locations associated or corresponding to cell 606 with 
30 gray scale values. Video processor first selects a black 
pixel, which is preferably centrally located within cell 
606. Video processor 41 then "fills" the selected pixel 
and all adjacent black pixels with a half tone or gray 
value which is somewhere between the white and black 
35 values which are conventionally stored, in memory. 



BNSOOCtD: <WO__eC3134AA1JL> 



WO 96/31349 



PCT/US96/03464 



- 22 - 



This, fill-in process continues until all pixels 
within cell 606 are filled with a half tone value it is 
to be noted that if the half tone value reaches either a 
top 621 (Fig. 6) or bottom 623 of scan frame 600< th£ 
5 v ld eo processor has determined that it is measuring 

boundaries for cell 70 (Fig. 2) and channel 72. On the 
other hand, if the filled in pixels dQ nQt ^ 

621 or bottom 623 of scan frame 600, then video processor 
1 regards the cell being measured as a highlight cell 76 
10 (Fig. 2). if the half tQnes reach s . des ^ Qf 

the screen, then video processor 41 determines that no 
cell is being measured. 

For purposes of illustration, it will be 
assumed, as it was above, that video processor 41 is 
15 measuring a highlight cell 70 (Fig. 2) and 606 (Fig 6, 
which was strobed by video camera 46 and strobed lamp 58 
As v ld eo processor 41 completes filling in cell 606, it 
conventionally stores all black/white transition points 
and white/black transition points in memory. 
20 After video Processor 41 has completed filling 

m cell 600, the black/white and white/black transition 
points are located. These transition points generally 
correspond to the boundary lines or wall 606 (Fig 6) 
The video processor 41 then examines these transition 
points and determines, by each horizontal scan line 602 
the leftmost and rightmost (as viewed in Fig 6) 
transition points. These transition points correspond to 
the points, like points 615 and 617 around the boundary 
of cell 606. 

0 After all the boundary transition points have 

been determined, the maximum and minimum distances 
between transition points which lie on the same 
horizontal scan line 602 are determined. These values 
are conventionally subtracted by video processor 41 

. thereby resulting in values associated with the distance 
between the walls of highlight cell 606. Video processor 
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41 then scales these values to the pixel sizes of video 
camera 46 (Fig. l) . 

In the illustration being described, and as 
viewed in Fig. 6, the largest difference between 
5 black/white and white/black transitions is at points 610a 
and 611a. The distance between these two points 610a and 
611a represents the maximum separation distance, and 
consequently, the highlight width, HW. Video processor 
41 determines that this is a highlight cell because no 
10 half tones reached the top 621 or bottom 623 of the scan 
frame 600. 

It is to be noted that the channel' width, CW, 
of channel 72 (Fig. 2) and cell width, BW, of cell 70 are 
determined in a similar manner. by video processor 41. 

15 For example, the minimum distance determined by video 

processor 41 would correspond to the channel width, CW. . 
If the video processor 41 determines that the minimum 
distance is below zero, then there is no channel and it 
is assumed a highlight cell, like cell 606 in Fig. 6, is 

20 being measured. As with the maximum distance, the 

minimum distance between black/white and white/black 
transitions which lie on the same line 602 are scaled to 
the magnification and pixel sizes of video camera 46 
(Fig. l) . 

25 Referring back to the illustration being 

described, once the highlight width, HW, has been 
measured, it is fed back to computer 34 . and the error 
value E is determined. Computer 34 receives the 
highlight width HW and compares it to the HW 

30 corresponding to the predetermined set up parameters. If 
the error value E is below the predetermined threshold or 
zero, then no error adjustment is made to the 
predetermined setup parameters because the engraver is 
engraving highlight cells 76 (Fig. 2) having, actual 
35 measurements which generally correspond to desired 
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measurements prescrihort 

prescribed by the predetermined setUD 

parameters. 

On the other hand, if the error value E is 
above the predetermined threshold, then an error 
5 adjustment is made. m this regard , computer ^ 

det ermines that the hi gh li g ht cell 76 (Fig . 2) actually 
bemg engraved has dimensions which are different from 
the dimensions corresponding to the predetermined setup 
Parameters. As mentioned earlier h 

10 use the most frequently occurring value of HW to 

det. rmine the error value E . ln this case , thg error 
value E would represent the difference between the HW and 
the most frequently occurring value of HW which has been 

15 111 V T° ry 3 PlUralit ^ ° f highlight cells 76 

15 which have been strobed and measured. 

In the embodiment being described, computer 34 
causes several measurements of the same size highlight 
cell 76 to be taken to verify the error value E 

20 s^tTr" ^ ChSn adjUStS ^ ^ ° f ChS Predetermined 

setup parameters BW, HW, cw, vh, Ks, Vmax and S to 

account for the error value E. 

Fig. 8 illustrates the measuring process 
according to this embodiment of the invention The 
measuring process begins at start block X70 and proceeds 
- scan a frame of data at block 172 . This ±s simiiar ^ 
the measuring process described above with respect to 

7. After the scan frame of data is captured, the 
data is broken down into a plurality of localized sectors 
at block 174 . using a plurality of smaller localized 
sectors m this embodiment of the invention permits the 
video processor 4! and computer 34 to process data 
faster. Threshold points are determined for each 
localized sector. Thresholding is performed with each 
sector so that white/black and black/white transition 
35 po.nts within that sector can be located. This process 
continues until all the black/white and white/black 
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transition points are found for each sector in the scan 
frame and, ultimately, for the entire cell being measured 
at block 176. The video processor 41 begins the memory 
fill at block. 180 by filling in all the black cavities 
5 for the cell being measured. Thereafter, the maximum and 
minimum transition points on a particular scan line are 
identified by video processor 41 at block 182. 

At point 184, the video processor 41 checks to 
determine if the memory fill in has reached the sides 625 
10 and 627 (Fig. 6). If it has reached sides 625 and 627, 
then video processor 41 determines that no cell or 
channel is being measured (block 186) . If it has not 
reached sides 625 and 627, then video processor 41 
determines if the fill in has reached top 621 or bottom 
15 623 at point 168. If the top 621 or bottom. 623 has been 
reached, video processor 41 calculates the channel width 
CW and cell width BW at block 190 using the maximum and 
minimum values determined at block 182. If the top 621 
or bottom 623 has not been reached, then video processor 
20 determines the highlight cell width HW at block 192. 

After all the measurements have been determined, video 
processor exits at point 194, whereupon an error value E 
is determined by computer 34 in the manner described 
earlier herein. , ....... 

25 Advantageously, this invention provides an 

error detection or error detector 101 and correction 
system suitable for providing a closed- loop system for 
engraving highlight cells 76 (Fig. 2), cells 70 and 
channels 72 in a gravure cylinder. The error detection 

30 and correction system permit an error value E to be 
determined and fed back to computer 34, whereupon 
feedback adjustments can be made to one or more of the 
predetermined setup parameters. This permits the gravure 
engraver to engrave actual cuts, cells and channels in 
3 5 accordance with predetermined setup parameters. 
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It is to be noted that this system may be used 
during initial setup or during the normal operation of 
the gravure engraver. Thus, the system and method 
described herein can provide "real time" display of the 
5 actual measurement and "real time" correction for any 
error value E. 

Referring now to Figs. 9 -18, other embodiments 
of this invention are shown with common parts and 
components labeled with the same number/ except that a 

10 prime mark ( ) has been added . Those components wifch 

the same number as in the embodiment described in Figs 
l^SB have been identified with the same part number. 

Fig. 10 is a rear of the engraving head 61' 
show lng various features thereof. The engraving head 61" 
m Figs. 9 and 10 is adjustably mounted on a support 
200'. such as of the type disclosed in Buechler U S 
Patent No. 4,450,486 referred to earlier herein The 
engraving head may be mounted on a carriage 204' (Fig 9, 
of the type described in U.S. Patent application Serial 
20 No . 08/091,302 filed July 12, 1993, now issued as U S 
Patent No. 5,454,306, which is assigned to the same 
assignee as the present invention and which is 
incorporated herein by reference and made a part hereof 
The carriage 204' may then be mounted or coupled via a 
support 57' (Fig. 9) to leadscrew 56' which is in turn 
driven by leadscrew drive motor 14' in response to a 
drive signal from computer 34' in order to drive the 
engraving head radially across a surface 10a' of cylinder 



15 



25 



30 



35 



The apparatus may comprise carriage and head 
drivers 205' (Figs. 9 and 10) for driving carriage 204' 
on support 57' and also for driving engraving head 61' 
toward and away from surface 10a' in order to effect 
engraving thereof. As with the embodiment described 
earlier herein, this embodiment comprises videoing means 
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or imager 46' for viewing a portion of track 30' of an 
engraved area on cylinder 10'. 

Referring now to Fig. 10, the engraver 
comprises the engraving head 61' for engraving the 
cylinder surface 10a' of cylinder 10' . The engraving 
head 61' is adjustable mounted on the adjustable support 
200' which may be coupled to suitable drivers 205' which 
are capable of driving engraving head 61' and imager 46' 
towards and away from cylinder 10' . 

As illustrated .in Fig. 10, the imaging means, 
imager or image system 46' comprises a- camera 206' having 
a lens 208' capable of automatically focusing on the 
surface 10a' of cylinder 10'. In the embodiment being 
described, the camera 206' comprises a depth- of focus of 
15 about 3 microns. It should be noted that it is generally 
preferable to have the stylus 20' (Fig. 11) engage the 
cylinder 10' at an angle which is substantially 
perpendicular to the surface 10a' . Notice in Fig. 11 
that the lens 208' of camera 206' of image system 46' is 
20 positioned directly above the stylus 20' and 

substantially in line with stylus 20' in order to 
facilitate imaging the track 30'- of actual cuts or cells 
soon after they are engraved on surface 10a' of cylinder 
10' . . 

25 The imager 46'. may comprise at least one 

adjustable tilt support (Fig. 10) for adjustably 
supporting the camera a predetermined tile angle 9 (Fig. 
10) . The angle 6 represents the tilt of the camera and 
may be varied depending on the diameter of the cylinder 

30 10' . For example, the adjustable support may comprise an 
adjustable bracket (not shown) or camera shroud (not 
shown) for .adjustably supporting the camera 206'. In 
this embodiment, the angle 6 is on the order of about 8- 
13 degrees for a 10' -having a diameter of about* 6-8 

35 inches. 
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The imager 46* also comprises a driver 212* for 
driving the lens 208' (Fig. 11} towards and from 
cylinder 10' . 

, , • ^ 46 ' alS ° Com P"^s an illuminator 

5 214 (Fig. XO) which is capable of illuminating surface 
10a' of cylinder 10' to a plurality of light intensity 
levels. In the embodiment being described, the plurality 
of light intensity levels varies from about 0 lux to 

10 t°l 1UX ' illu " 1 ~ t » 214 ' comprises the strobe 

58 and fiber optic input 216' which cooperates with 
imager 46' to strobe flashes through an optical assembly 
and prism arrangement 218', thereby enabling the strobe 
58' to flash through the lens 208' (Fig. n) of camera 

206' as referred to in the embodiment described earlier 
15 herein. 

Referring now to Fig. 12f a general schematic 
of the imaging system 46' is shown. As illustrated the 
driver 212' comprises a drive signal generator 220' 
coupled to an encoder 222' which is coupled to a motor 
224'. The driver 212' further comprises a gear box 226' 
WhlCh cou P le s ""tor 224' to camera 206' for driving 
camera 206' towards and away from cylinder 10' in 
response to motor 224'. The imager 46' also comprises a 
proximity sensor 228' which is coupled to drive signal 
generator 220' and which cooperates with a target 230' to 
generate a position signal corresponding to a position of 
camera 206' relative to surface 10a'. 

As illustrated in Fig. 12, the imager 46' 
comprises a frame grabber and processor 232' which is 
coupled to computer 34' and system timer 234' for timing 
and synchronizing the illumination and capturing of 
xmages on cylinder 10'. m this regard, imager 46' also 
comprises a cylinder positioned encoder 23 6' coupled to 
system timer 234" for determining a position of cylinder 
35 10'. 



25 



30 



BNSDOCtD: <WO__9«134*A1JL> 



WO 96/31349 



PCT/US96/03464 



- 29 - 



10 



Notice that the computer 34' is coupled to 
drive motor signal generator 220' and to digital-to- 
analog converter 238' , which is also coupled to 
illuminator 214' as shown. 

The engraver 10' also comprises an adjustable 
shoe system or means 209' and method for adjusting a shoe 
221' (Fig. ll). The shoe system 209' comprises a shoe 
driver 211' which is coupled to computer 34'. A shoe 
proximity sensor 213' is conventionally coupled to 
computer 34' and cooperates with a target 215' to 
facilitate determining the position of the shoe 221' 
relative to stylus 20'. It should be appreciated that 
shoe driver 211' may also comprise an encoder (not shown) 
for further facilitating determining the position of the 
15 shoe 221' relative to the stylus 20' and/or cylinder 20'. 

The method for automatically focusing camera 
206' is described in relation to Fig. 13. In the 
embodiment being described, the method may be programmed, 
for example, into computer 34' and/or video processor 41' 
20 (Fig. l) . The method starts at block 240' where 
illuminator 214' is set to a first predetermined 
intensity level. In the embodiment being described the 
first predetermined intensity level may be about 55-65% 
of a maximum light intensity. level of illuminator 214' or 
25 about 15 lux. The method proceeds at block 242' where 
the camera 206' is positioned at a start distance or 
position away from surface 10a' . The start position is 
generally outside the actual focus distance or position 
of the camera 206' described below. At block 244' a 
30 coarse position increment is set and then an image is 

substantially simultaneously illuminated and captured by 
illuminator 214' and camera 206' {block 246'). 

At block 248 ', computer 34' computes, analyzes, 
or generates an intensity index, and then stores the 
35 intensity index. The intensity index corresponds to an 
average light intensity and is represented by graph A in 
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Fig. 14. The distance D typically ranges from 0 to 5 mm 
Also, it should be noted that the maximum of the 
intensity index may differ from the best 
by about s to 30 micrometers. In this regard and as 

that;: " lUUStrated in it has been found 

that the intensity index or average light level has a 
peak or maximum value which is normally not coincident 
with a best focus position C of camera 206', but is 
10 !° Ca H te V ear that best *°cu. position. It has also been 
10 found that the intensity index normally has a smoother 
variation as the distance between the camera 206' and 
surface 10a- of cylinder 10- changes. Thus, as best 
shown in Fig. 14 , the intensity index genera 

broader peak when compared to a focus index (represented 
38 9raph B ^ ^ "> • m general, the focus index 
represents the high frequency content of the i mage 

It has been found that by utilizing the 
-tensity index, a gross or coarse focus may be quickly 

20 TnT2\ SUhSe ^V- the <ocu. index may be used to 
find the best focus position which generally corresponds 
to the maximum (Fig. 14) or the highest ^ Q ^ ^ 

index B. Advantageously, the high frequency content or 
focus index curve B generally provides a best focus 
position at the global maximum of the high spatial 
frequency content. However, there are a number of local 
maxima. Accordingly, it has been found that using the 

de^tTT/^ C ° arSe 3djUStmentS *r..t.r than the 

depth of focus of camera 206' and the focus index for 

fine adjustments less than the depth of focus is 

30 desirable . 

248 , • ; , C ° mpUCer 34 —ly 2 es the intensity index (block 
248 m Fig. 13) at that position of camera 206' and if 
a third consecutive decrease in the intensity index is 

35 IT T d (dSCiSi0n bl ° Ck 250,) ' then the meth ° d P««-d. 
to a fine or actual focus distance adjustment as 

described below. if the decision at decision block 250' 
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is no and the camera 206' and gearbox 226' (Fig. 12) have 
not achieved an end of their travel, then drive signal 
generator 220' energizes motor 224' to position camera 
206' at least one position increment closer to surface 
5 10a' of cylinder 10'. If gearbox 226' and camera 206' 
have reached the end of their travel at decision block 
252', then the routine aborts and the camera position may 
be adjusted, for example, by moving carriage 204' further 
from cylinder 10. 
10 If there is a third consecutive decrease' at 

decision block 250', which would generally indicate .a 
position on a decreasing slope of the intensity index 
curve, then the drive signal generator 220'. (Fig. 12) 
energizes motor 224' to drive gearbox 226' such that 
15 camera 206' moves several position increments outward or 
backward away from cylinder 10' . In the embodiment being 
described, the motor 224' is energized to cause camera 
206' to be moved or stepped backward approximately five 
position increments. The position and/or travel of the 
20 camera 206' is sensed or determined utilizing encoder 
222', proximity sensor 228' and target 230'. After 
camera 206' is moved at block 258' (Fig. 13), a fine 
position increment is set at block 260' . In the 
embodiment being described, the fine position increment 
25 is set at about .4 microns. 

The routine continues to block 262' where an 
image is captured by camera 206'. The focus index for 
that position of camera 206' is. computed, analyzed and 
stored in suitable memory (block 264') . • A third 
30 consecutive decrease (decision block 266') would indicate 
that the camera 206' has been indexed to a position, such 
as position 267' .in Fig. 14 , which is forward of the best 
focus position by approximately three position 
increments. In this event, the camera 206' .is then 
35 driven outwards or backwards away from the cylinder 10' 
approximately three position increments (block 268' in 
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Fig. 13). This causes the camera 206' to be positioned 
at or very close to the best focus position C (Fig. 14) 
where the imager 46' can achieve best focus results. 

If there is not a third consecutive decrease at 
decision block 266' (Fig. 13), then it is determined at 
block 270' whether the driver 212' (Fig. 12) has reached 
the end of its travel. If it has not, then drive signal 
generator 220' (Fig. 12) causes camera 206' to be moved 
one position increment closer to cylinder 10' (block 
272', Fig. 13). If the camera 206' has reached the end 
of its travel at decision block 270', then the routine is 
aborted and the imager 46' may be readjusted, for 
example, by adjusting the position of the engraving head 
61' or carriage 204' before the routine loops back to 
15 block 242' for a new start position. 

After the best focus position C (Fig. 14) has 
been located (block 268') and' the imager 46' is set, 
locked or adjusted accordingly, the routine exits. 

It may be desirable to set-up, scale or 
20 calibrate the light intensity used in the imager 46' 

using a maximum dynamic illumination range possible using 
camera 206' and frame grabber 232'. Stated another way, 
it is preferable to operate or scale the data for an 
image captured by camera 206' and frame grabber 232' such 
25 that they operate with the maximum number of gray scale 
levels so that any captured image contains details on all 
levels in the gray scale (i.e., on the lowest lows and 
the highest highs) . Accordingly, an automatic pixel 
array calibration system and method comprising a light 
calibrator or calibration routine 300' (Fig. 15) is 
provided and may be resident, for example, in computer 
34' and/or video processor 41' for calibrating the imager 
46' to provide maximum detail for each captured image. 
The light calibrator comprises a light calibration 
processor which may be resident in computer 34', video 



30 



35 
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processor 46' or frame grabber and processor 232' (Fig. 
12) . 

In general, the frame grabber (Fig. 12) 
comprises conventional gain and offset controls (not 
5 shown) which may be adjusted to control an analog output 
of camera 206'. The frame grabber and processor 232' is 
suitable for converting the analog output of camera 206' 
into a 512 by 480 (X/Y) spatial array of CCD elements or 
pixel intensities whose amplitudes vary from 0-255. This 
10 array of data provides the feedback needed by computer 
34' and video processor 46' for providing closed- loop, 
real-time, automatic setup, scaling and/or calibration. 

Referring to Fig. 15, the imager 46' is set so 
that there is no light (block 302') by adjusting a gain 
15 control on frame grabber 232' to zero percent (block 

304'). At block 306', an offset control on frame grabber 
232' is adjusted for a captured pixel value equal to 
zero, and then the frame grabber 232' gain is set to the 
nominal setting (block 308'). At block 310', the light 
20 intensity of illuminator 214' is varied or adjusted until 
CCD elements of .frame grabber 232' are at a maximum end 
of their linear operation, and preferably, just- before 
they are saturated. At block 312' the gain of frame 
grabber 232' is adjusted until the brightest CCD pixel 
25 element equals 255. maximum (block 312'). Thereafter, the 
routine exits and the illuminator 214' is scaled. or 
calibrated to provide the maximum, captured pixel value in 
the captured image to be near 255 (on a scale of 0 to 
255) . . • 

30 In the embodiment being described, it is 

preferable to calibrate the light intensity such that the 
lowest intensity is between 0-50 on a scale of 255 and a 
maximum intensity of between 240 and 255 to ensure that 
the intensity level of all areas of the captured image 
35 fall between 0 and 255 and span the maximum -possible 
dynamic range . 
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Advantageously, scaling or calibrating in the 
manner described herein facilitates automatic 
illumination adjustment and also provides closed-loop and 
real-time gray scaling for captured images. This also 
5 facilitates taking measurements and correcting or 
adjusting for measured errors. 

It has been found that auto focusing may best 
be achieved by observing or focusing on a focus area 313' 
comprising imperfections or discontinuities, such as 
10 scratches 311' and 317' in Fig. 17, in surface 10a' of 
cylinder 10' . it has also been found focusing may be 
best achieved by focusing on the focus area 313' at a 
first predetermined light intensity level. Subsequent 
imaging of images may be enhanced by imaging a portion of 
15 cylinder 10', such as portion 315', which includes an 
actual cut, cell or highlight cell at a second 
predetermined light intensity level which is higher than 
the first predetermined light intensity level. In the 
embodiment being described, it is preferable, for 
20 example, to set the first predetermined light intensity 
level of illuminator 214' at less than 20 lux {e.g., at 
15 lux) and the second predetermined light intensity 
level of illuminator 214' at greater than 20 lux. The 
first predetermined light intensity may be 55-65 percent 
25 of a maximum possible intensity, while the second 

predetermined light intensity may be on the order of 
about 95-100 percent of the maximum possible intensity. 

Increasing the light intensity level of 
illuminator 214 < during the measuring process described 
30 earlier herein facilitates, for example, drowning, 
scratches, imperfections and discontinuities in the 
surface 10a' , thereby improving the probability of a 
successful 'measurement and error correction of, for 
example, cells 70 located in the portion 315'. i n 
35 contrast, lowering the light intensity level during auto- 
focusing facilitates increasing contrast of the images of 
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scratches, imperfections and discontinuities in surface 
10a', thereby improving the probability of successfully 
auto-focusing camera 206 on surface 10a' of cylinder 10' 
The system and method of the present invention 
5 also comprises a discontinuity locator 400' (Fig. 16) or 
means for locating at least one discontinuity in the 
array of data corresponding to the image captured in 
either the focus area 313' or portion 315'. This is 
particularly useful when removing data corresponding to 
10 any discontinuities, such as scratches 317' in portion 
315' (Fig. 17) and scratches 311' in portion 313', or 
other imperfections resident in surface 10a' of cylinder 
10'. In this regard, the discontinuity locator 400' 
comprises an identifier resident, for example, in either 
15 video processor 41' or computer 34' for identifying any 
such discontinuous data in the array of data 
corresponding to the discontinuity and also for 
processing the discontinuous data to electronically 
eliminate the discontinuity from the array of data. 
20 This, in turn, facilitates more accurately measuring, 
error correcting and engraving in accordance with this 
invention. 

In the embodiment being- described, the captured 
pixel image array is analyzed to generate a chord table 

25 (not shown) in a manner known as run length encoding. 
The chord table organizes the chords by row, and 
typically from left to right within each row. Each chord 
entry in the table consists of a starting column and 
ending column of the chord, or al terat ively , vertical 

30 chords may be organized such that the table consists of a 
starting row and an ending row of each chord. The 
encoded chords may represent either the white or dark 
pixels of the binary image in the data array as desired. 
In the method described herein, each chord is assigned a 
35 label which is unique to a segmented region.. Computer 
34, frame grabber and processor 231' and/or video 
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processor 41' may comprise the identifier for identifying 
any undesired image data corresponding to at least one 
undesired image or discontinuity, such as a scratch in 
the array of data. They may also comprise an image 
5 eliminator for eliminating the undesired image data or 
discontinuous data corresponding to the undesired image 
from the array of data. 

Initially, an array to data corresponding to a 
captured image, (such as an image of portion 315' in Fig. 
10 17) is analyzed, for example, by computer 34' and a chord 
table (not shown) of chords (not shown) corresponding to 
the undesired image is generated. Referring now to Fig. 
16, the discontinuity locator 400' begins at block 410' 
where a chord number N is set equal to 1 . At decision 
15 block 412', it is determined whether the length of the 
chord N is less than a maximum width, max_width, and 
greater than a minimum width, min_width. If it is, then 
the routine proceeds to block 414' where a row counter or 
pointer M is set equal to 1 and the chord N is stored in 
20 suitable memory (not shown). If the. answer at decision 

block 412' is negative, then N is incremented by i (block 
416' ) . 

At decision block 418', it is determined 
whether the end of the chord table has been reached. If 

25 it has, then the routine exits and no elimination or no 
further elimination of any of the chords in the chord 
table is performed by the image eliminator. If, on the 
other hand, the end of the chord table has not been 
reached then the routine loops back to decision block 

3 0 412' as shown. 

If the answer at decision block 412' is yes, 
then the routine identifies any undesired image data 
corresponding to the undesired image in the array of data 
and subsequently may eliminate that undesired image data 

35 from the array of data as follows. At decision block 

420', it is determined if there is a connecting chord in 
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a row in the chord table immediately below the row in 
which the stored chord appears. 

If there is not, then the routine loops back to 
block 416' where the chord number N is incremented by one 
as shown. If there is a connecting chord, then the 
routine proceeds to block 422' and computer 34', frame 
grabber and processor 232' and/or video processor 41' 
retrieves the connecting chord from memory. If the 
connecting chord is a part of the undesired image data 
corresponding to an undesired image, such as the scratch 
317' in portion 315' (Fig. 17), then the row count M is 
incremented by 1 (block 426'). If the connecting chord 
is not part of the undesired image scratch, then the 
routine loops back to block 416' as shown. At decision 
15 block 428' it is determined whether the row count M is 
equal to a minimum length. 

If the answer at decision at block 428' is yes, 
then the routine proceeds to remove the chord or chords 
located at row count M-l (block 430') and, thereafter, 
20 removes chord M (block 432'). The routine then loops 

back to decision block 420' as shown. If the. decision at 
block 428' is negative, then it is determined whether the 
row count M is greater than the minimum length. If it 
is, then it removes the chord M at block 4 32' and then 
25 loops to decision block 420'.. If the decision at block 
4 34' is negative, then computer 34 '. stores the chord or 
chords at row count M (block 436') and then loops back to 
decision block 420'. 

In the embodiment being described, the 
30 min_width is two pixels, and the max_width is ten pixels 
and the min_length is six pixels and a typical array of 
data size is 512 pixels by 240 rows. 

Advantageously, this routine provides a means 
or process and image eliminator system and method for 
35 eliminating undesired image data located .in the array of 
data. This further facilitates more accurate imaging, 
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measuring, error correcting and engraving desired 
patterns on surface 10a' of cylinder 10'. In addition, 
it should also be appreciated that the apparatus, method 
and system of this invention could be used to eliminate 
5 image data corresponding to intentionally engraved areas, 
such as channel 72 ' , which were cut or engraved into the 
surface 10a' of cylinder 10' . 

The apparatus, system and method of the present 
invention also provides effective means for filling in or 
10 generating data to fill in gaps or discontinuities in the 
array of data using a filler method or routine 500' (Fig. 
18) . As illustrated in Fig. 17, several types of gaps in 
a captured image may appear which makes it difficult to 
generate a continuous or complete array of data, thereby 
15 making it difficult to accurately focus and measure areas 
on surface 10a' . In the embodiment being described, 
computer 34' frame grabber and processor 231' and/or 
video processor 41', for example, comprise the filler 
routine 500', discontinuity locator and identifier for 
20 locating the gap or discontinuity in the image or image 
data, for identifying discontinuous data in the array of 
data corresponding to the discontinuity, and also for 
processing the discontinuous data to eliminate the 
discontinuity therefrom. This also facilitates 
25 eliminating the discontinuity so that error correcting 
and engraving can be more easily achieved. 

In the embodiment being described, these gaps 
may correspond to actual gaps in an engraved pattern or 
gaps or discontinuities associated with imaging the 
30 engraved pattern when imaging the portion of surface 10a' 
and cylinder 10' . As illustrated in Fig. 17, when a 
•wall, such as wall 502', is breached, an uptip 504' and 
downtip 506' may be created such that the uptip 504' is 
above the downtip 506'. However, a situation can arise 
35 where an uptip 504a' is actually situated above the 
downtip 506a' . 



BN8DOCID: «WO_Q«313«*1JL> 



WO 96/31349 



PCT/US96/03464 



- 39 - 

In general, the filling or closing routine, 
system or method of the present invention uses an array 
of data associated with the captured image to generate a 
chord table (not shown) of chords (not shown) . The chord 
5 table is scanned and processed to identify and categorize 
generate and define uptips into an uptip table (not 
shown) and downtips into a dpwntip table (not shown) 
after it has been determined that there is a gap. In 
general, the gap filling or gap-closing process involves 

10 either dividing the chords into pairs of non- touching 

chords for gaps of the type shown between uptip 504' and 
downtip 506,' or for chord pairs comprising an uptip 
504a' or downtip 506a', lengthening a white chord width W 
(Fig. 17) by changing either its start position or end 

15 position. 

Once a discontinuity or gap is located, the 
uptip table and downtip table are used to determine any 
uptip and downtip pairs that. fall within a predetermined 
gap tolerance level or range. Those gap pairs falling 
20 within the predetermined gap tolerance range are 

subsequently put into a gap table. Computer 34', for 
example, may use the gap table to remove or "fill in" any 
discontinuities or gaps, thereby providing continuous 
data in the chord table and the array of data so that 

5 imaging, measuring, real time and closed loop error 
correction, and engraving of actual cuts or engraved 
cells may be enhanced. It should be appreciated that the 
gaps may be the result of, for example, broken cell walls 
or even poor illumination or image capturing. 

0 Referring now to Fig. 18, the process or method 

proceeds by obtaining a first chord from the chord table 
(block 502') and a next chord (block 504'). It is to be 
noted that the discontinuity locator 400' processes black 
chords or chords which may correspond to engraved areas 
5 on cylinder 10', while the gap filling routine 500 

processes white chords or chords which may correspond to 
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non-engraved areas. At decision block 506' , it is 
determined whether the width of a white chord, for 
example, is within a predetermined width or limits. In 
the embodiment being described, this predetermined width 
5 ranges between approximately 2 to 30 pixels. If it is, 
then it is determined whether the chord in the chord 
table is connected only to a white chord, for example, 
immediately above it (decision block 508'), and, for 
example, is not connected to a white chord below it. If 
10 it is, then computer 34' or video processor 41' adds that 
chord to a downtip table (not shown) at block 510' . 
Thereafter, the routine proceeds to decision block 516' 
as illustrated. 

If the decision at decision block 508' is 
15 negative, then it is determined (decision block 512') 
whether the chord is connected in the chord table to 
another white chord directly below it only. If it is, 
then that chord is defined as an uptip chord and added to 
an uptip table (not shown) at block 514'. After that, or 
20 if the decision at decision block 512' is negative, then 
the process proceeds to decision block 516' where it is 
determined whether the last chord in the chord table has 
been analyzed. If it has not, the routine loops back to 
block 504'. If it is the last chord in the chord table, 
2 5 then all the chords in the chord table have been 

processed and analyzed and, where appropriate, separated 
either into the downtip table or uptip table which are 
now ready for further processing. 

At block 518', the first chord in the downtip 
30 table is obtained, and the first chord in the uptip table 
is obtained at block 520' . The routine proceeds to 
decision block 522' where it is determined if the first 
chord in the downtip table and the first chord in the 
uptip table are within a predetermined proximity with 
35 respect to each other. In the embodiment being 

described, if the uptip and downtip pair are of the type 
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illustrated by uptip 504' and downtip 506', then the 
predetermined proximity may be a vertical limit which may 
be set at, for example, 15 rows. If the uptip and 
downtip pair are of the type illustrated by uptip 504a' 
5 and downtip 506a', then the predetermined proximity may 
be a horizontal proximity which may be set at 
approximately 20 pixels. 

If the predetermined proximity criteria are 
met, then the uptip and downtip pair are added to or are 
10 used to generate a gap table (not shown) at block 524'. 
Thereafter, or if the decision at decision block 522' is 
negative, then the next routine proceeds to decision 
block 526' where it is determined if the last uptip chord 
has been processed. If it has not, then the next uptip 
15 chord is obtained (block 528') and the routine proceeds 
back to decision block 522' as shown. If it is the last 
uptip chord, then it is determined (decision block 530') 
whether the last downtip chord has been processed. If it 
has not, then the downtip chord is obtained (block 532') 
20 from the downtip chord table and the routine loops back 

to block 520' . If the decision at decision block 530' is 
yes, then the uptip and downtip pairs in the gap table 
are processed as follows: 

Computer 34' or video processor 41', for 
25 example, obtains the first uptip and downtip pair from 
the gap table (block 534') and then electronically 
eliminates or fills in that gap (block 536') by replacing 
that chord with new data or a new chord corresponding to 
a white or nonengraved image. At decision block 538' it 
30 is determined whether the last gap pair in the gap table 
has been processed, and if it has, then the routine 
exits. Otherwise, the next gap pair is obtained (block 
540') and the routine loops back to fill in the gap at 
block 536' . 

35 Advantageously, the gap-fill or discontinuity 

eliminator provides effective means for eliminating 
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discontinuities or gaps in data where those gaps are 
unintentional, such as a gap caused by a break in a cell 
wall. This method and routine may also be used to fill 
in discontinuities which are intentional, such as a 
discontinuity or gaps associated with, for example, an 
engraved area or cut, such as a channel. 

By utilizing the embodiments of the present 
invention, imager 46' can quickly focus on the focus area 
313' (Fig. 17) to find a best focus distance or position 
C. Thereafter, the portion 315' may be focused on and 
imaged. The array of data corresponding to the image 
captured may be processed to eliminate undesired images 
or to fill in gaps. This, in turn, facilitates accurate 
measurement and error correction during set-up or real- 
15 time operation of the engraver. Calibrating or scaling 

the array of data may further enhance the measurement and 
error correction process. In addition, altering or 
changing the illumination between the focusing operation 
and imaging operation may further enhance the measurement 
20 and error correction process. All of these features 
provide or facilitate providing an engraver which has 
enhanced focusing, imaging, measuring and engraving 
characteristics which provide improved means for 
engraving actual cuts or cells of precisely controlled 
2 5 dimensions . 

A method or process of operation using one or 
more of the embodiments described above will now be 
described relative to Fig. 19. For ease of illustration, 
the method will be described relative to a set-up 
30 sequence. At block 700 the white offset and shoe 

position are adjusted to balance the drive signals for 
energizing engraving head 61' to engrave cells, for 
example, of predetermined sizes. At block 702', the 
light intensity is adjusted to the first predetermined 
intensity level, such as 15 lux, mentioned earlier 
herein. The autofocusing method described in relation to 



35 
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Fig. 13 is employed at block 704' in order to position 
camera 206' at the best focus position. 

The method proceeds to block 706 where the 
light intensity is adjusted the second predetermined 
5 intensity level, such as 20 lux. A series of cells may 
then be engraved onto surface 10a' of cylinder 10' (block 
708'). One or more of the cells may then be imaged and 
measured for purposes of determining an error correction 
in the manner described herein. If it is desired to 
10 correct for an error, then computer 34' may energize shoe 
driver 211' to adjust the position of the shoe 221' in 
order to obtain an appropriately sized cell (block 708'). 

At decision block 710', it is determined 
whether autofocusing again needs to be performed.- If it 
15 does, then the routine performs the autofocus (block 
712') and then loops back to block 708' as shown. If 
autofocusing is not required at decision block 710', then 
the engraver may engrave cells and calculate a camera to 
stylus offset at block 714'. 
20 At block 716', full cells, channels and 

highlight cells may be engraved again. Thereafter, these 
cells may be measured (block 718') for purposes of- 
determining if any further error correction is needed. 
At decision block 720', it is determined whether these 
25 cells are within tolerance. If they are, then the 
routine proceeds to decision block 722 ' where the 
engraving head 61' drive signals are checked to determine 
if they are in balanced to make sure that the engraver 
head 61' operates in a linear manner. If the answer at 
30 decision block 720' is no, then the input parameters 
associated with the cells are adjusted to correct for 
undesired error (block 724'). The routine then proceeds 
back to block 716' as shown. 

If the decision at block 722' is negative, the 
35 white offset and shoe position may be adjusted to balance 
the engraving head 61' (block 726'). Thereafter, the 



WO 96/31349 PCT/US 96/03464 

- 44 - 

method proceeds to decision block 728' where it is 
determined whether autofocusing is again required (block 
728'). If it is, then the autofocus method described 
above is again employed (block 730'). If the answer at 
5 decision block 728' is negative or after autofocusing at 
block 730' is performed, the method proceeds to block 
732' where cells may again be engraved, shoe position 
adjusted and the like. 

At decision block 734', it is determined 
10 whether autofocusing is again required. If it is, it is 
performed at block 736' . If it is not required or after 
block 736', the process loops back to block 716' as 
s hown . 

Advantageously, this method and system may 

15 employ some or all of the embodiments described herein 

during the setup sequence as described above. It should 
be appreciated, however, that these embodiments may be 
employed alone or together and may be used during real- 
time operation. These features facilitate providing a 

20 closed-loop system for error correction, measurement, 
imaging, focusing and engraving which helps reduce the 
need for manual intervention. 

While the method herein described, and the form 
of apparatus for carrying this method into effect, 

25 constitute preferred embodiments of this invention, it is 
to be understood that the invention is not limited to 
this precise method and form of apparatus, and that 
changes may be made in either without departing from the 
scope of the invention, which is defined in the appended 

30 claims. 

What is claimed is: 
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CLAIMS: 

1 - ^ engraver for engraving a plurality of cells 

on a surface of a cylinder engraver comprising: 

a support for rotatably supporting said 

cylinder; 

an engraving head for engraving said cylinder, 
said engraving head being mounted in operable 
relationship with said cylinder when said cylinder is 
rotatably mounted on said engraver; and 

an image system associated with said engraving 
head for capturing an image of an area on said surface. 

2 * The engraver as recited in claim l wherein said 

image system comprises an automatic focus camera. 

3 - The engraver as recited in claim l wherein said 

image system further comprises: 
15 a video processor coupled to said image system 

for generating at least one dimension value corresponding 
to said image; 

said image system comprising an illuminator 
capable of illuminating said area to a plurality of light 
20 intensity levels. 

4 - The engraver as recited in claim 1 wherein said 

image system comprises a light source fo capturing an 
image as the cylinder rotates. 

5 * The engraver as recited in claim 3 wherein said 

25 image system comprises a light calibrator coupled to said 
video processor for adjusting said image system to 
facilitate maximizing contrast levels associated with 
said array of data. 
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6 * The engraver as recited in claim 5 wherein said 

image system comprises a frame grabber coupled to said 
video processor; 

said video processor being capable of 
5 calibrating said array of data such that data within said 
array of data are between a maximum intensity value and a 
minimum intensity value. 

7 * The engraver as recited in claim 3 wherein said 

video processor further comprises a dimension value 
10 generator for determining at least one actual dimension 
value in response to said array of data. 

8 - The engraver as recited in claim 1 wherein said 
area comprises a focus area and an engraved area, said 
image system comprising a light calibrator coupled to 

15 said video processor for illuminating said focus area to 
a first predetermined light intensity and said engraved, 
area with a second predetermined light intensity. 

9- The engraver as recited in claim 8 wherein said 
first predetermined light intensity is . less than said 

20 second predetermined light intensity. 

10. The engraver as recited in claim 8 wherein said 

wherein said first predetermined light intensity is at 
least 15 lux and said second predetermined light 
intensity is at least 20 lux. 

25 11. The engraver as recited in claim 1 wherein said 

area comprises at least one focal image in the surface of 
the cylinder. 

12 . The engraver as recited in claim 11 wherein 

said at least one focal image is a scratch. 
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13. The engraver as recited in claim 11 wherein 

said focal image comprises at least one engraved cell. 

14 • The engraver as recited in claim 1 wherein said 

image comprises at least one undesired image, said video 
5 processor comprising: 

an image eliminator for eliminating undesired 
image data corresponding to said at least one undesired 
image . 

15 • The engraver as recited in claim 14 wherein 

10 said image eliminator comprises:. 

an identifier for identifying undesired image 
data corresponding to said at least one undesired image 
in said array of data and for eliminating said undesired 
image data from said array of data. 

15 16. The engraver as recited in claim 1 wherein said 

image comprises an undesired image comprising an 
associated plurality of chords, said image system further 
comprising : 

an image eliminator for eliminating any of said 
20 associated plurality of chords. • 

1 7 - The engraver as recited in claim 16- wherein 
said eliminated chord, is less than 20 pixels in length. 

18- The engraver as recited in claim 3 wherein said 
video processor further comprises: 

25 a discontinuity locator for locating a 

discontinuity in said image. 
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19 ■ The engraver as recited in claim 18 wherein 
said discontinuity locator further comprises: 

an identifier for identifying discontinuous 
data in said array of data corresponding to said 
5 discontinuity and for processing said discontinuous data 
to eliminate said discontinuity. 

20 ■ Th e engraver as recited in claim 19 wherein 
said image comprises a cell, said discontinuity 

10 corresponds to a gap in a wall of said cell. 

21 * T he engraver as recited in claim 20 wherein, 
said identifier further comprises: 

a filler routine for filling in said array of 
data to facilitate eliminating said discontinuity. 

15 22. The engraver as recited in claim 21 wherein 

said filler routine comprises a locator for locating at 
least one tip associated with said image. 

23 - The engraver as recited in claim 1 wherein said 

image system comprises: 

at least one camera having a depth of focus of 
about 15-25 microns. 



20 



24. The engraver as recited in claim 1, wherein 

said image system comprises: 

at least one camera support for supporting a 
25 camera in a generally perpendicular relationship to a 
surface of said cylinder. 
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25 - The engraver as recited in claim 1, wherein 

said image system comprises : 

at least one camera; 

at least one driver for adjusting a relative 
5 position between a surface of said cylinder and said at 
least one camera. 
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26. The engraver as recited in claim 1 wherein said 

image system comprises : 

at least one camera ; 

at least one camera support for supporting said 
at least one camera in operative relationship with said 
at least one camera and for adjusting a tilt position of 
said at least one camera relative to a surface of the 
cylinder. 

15 27 ■ The engraver as recited in claim 1, wherein 

said image system comprises a light source and further 
comprises : 

a light calibrator for calibrating the light 
source to a predetermined intensity level. 

20 28 • The engraver as recited in claim 27 wherein 

said predetermined intensity level is about 50-75% of a 
maximum intensity level. 

29 * The engraver as recited in claim 27 wherein 

said light calibrator comprises a light calibration 
processor for generating an intensity index and focal 
index and also for determining an approximate focal 
distance using said intensity index and a actual focal 
distance using said focal index. 



25 



30 • The engraver as recited in claim 29 wherein 

30 said intensity index is average light level and said 
focal index comprises a high spatial frequency. 



BNBOOCtD: <WO_9©313«MJL> 



WO 96/31349 



PCT/US96/03464 



- 50 - 

31 • The engraver as recited in claim 1 wherein said 
image system comprises: 

an adjustable support; 

a camera mounted on said adjustable support; 
5 a driver associated with said adjustable 

support and coupled to said video processor for driving 
said camera towards and away from said cylinder. 

32 * The engraver as recited in claim 31 wherein 
said engraver further comprises: 

10 a frame grabber coupled to said camera and said 

video processor. 

33 - The engraver as recited in claim 1 wherein said 
engraver is a gravure engraver. 

34 • A system for imaging an area of a cylinder in 
15 an engraver, said system comprising: 

an imager for capturing an image of said 
engraved area; 

said imager comprising an illuminator capable 
of illuminating said area to a plurality of light 
20 intensity levels. 

35 - The system as recited in claim 34 wherein said 
system comprises a video processor coupled to said imager 
for generating at least one dimension values 
corresponding to said image; 

25 said video processor comprising an array 

generator for receiving said image and for generating an 
array of data corresponding to said portion. 

36 • The system as recited in claim 35 wherein said 
video processor further comprises a dimension value 

30 generator for determining at least one actual dimension 
value in response to said array of data. 
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37. The system as recited in claim 35 wherein said 

area comprises a focus area and an engraved area, said 
illuminator comprising a light calibrator for 
illuminating said focus area to a first predetermined 
5 light intensity and said engraved area with a second 
predetermined light intensity. 

3 8- The system as recited in claim 37 wherein said 

first predetermined light intensity is less than said 
second predetermined light intensity. 

10 39 * The system as recited in claim 37 wherein :9aid 

wherein said first predetermined light intensity is about 
55-65% of a maximum light intensity and said second 
predetermined light intensity is about 90-100% of said 
maximum light intensity. 

15 40 • The system as recited in claim 37 wherein said 

focus area comprises at least one imperfection in a 
surface of the cylinder. 

41- The system as recited in claim 40 wherein said 

at least one imperfection is a scratch. 

20 42 - The system as recited in claim 37 wherein said 

engraved area comprises at least one cell. 

43 . The system as recited in claim 34 wherein said 

image comprises at least one undesired image, said system 
comprises : 

25 an image eliminator for eliminating undesired 

image data corresponding to said at least one undesired 
image from said array of data. 
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44 • Tne system as recited in claim 43 wherein said 

image eliminator comprises: 

an identifier for identifying undesired image 
data corresponding to said at least one undesired image 
5 in said array of data and for eliminating said undesired 
image data from said array of data. 
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45 * Tne system as recited in claim 34 wherein said 
image comprises an undesired image having an associated 
plurality of chords, said system further comprising: 

an image eliminator for eliminating any of said 
plurality of chords which correspond to said undesired 
image . 

46 - The system as recited in claim 45 wherein any 
of said plurality of chords which were eliminated are 

15 between 3-10 pixels in length. 

47 * The system as recited in claim 34 wherein said 
system further comprises : 

a discontinuity locator for locating a 
discontinuity in said image. 



20 48 • The system as recited in claim 47 wherein said 

discontinuity locator further comprises: 

an identifier for identifying discontinuous 
data in said array of data corresponding to said 
discontinuity and for processing said discontinuous data 

25 to eliminate said discontinuity. 

49 • The system as recited in claim 48 wherein said 

image comprises a cell, said discontinuity corresponds to 
a gap in a wall of said cell. 
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50. The system, as recited in claim 49 wherein said 

identifier further comprises: 

a filler routine for filling in said array of 
data to facilitate eliminating said discontinuity. 

5 51. The system as recited in claim 50 wherein said 

filler routine comprises a locator for locating at least 
one tip associated with said image. 

52. The system as recited in claim 34, wherein sai 

imager comprises: 

at least one camera having a depth of focus o 
about 15-25 microns. 



10 



53. The system as recited in claim 34, wherein sai 
imager comprises: 

at least one camera support for supporting a 
15 camera, in operative relationship with a surface of said 
cylinder. 

54. The system as recited in claim 53, wherein said 
imager comprises : 

at least one camera ; 
20 at least one driver for adjusting a relative 

position between a surface of said cylinder and said at 
least one camera. 

55. The system as recited in claim. 34 wherein said 
imager comprises : 

25 at least one camera; 

at least one camera support for supporting said 
at least one camera in operative relationship with said 
at least one camera and for adjusting a tilt position of 
said at least one camera. 
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56 • Th e system as recited in claim 34, wherein said 

imager comprises a light source, said system further 
comprising : 

a light calibrator for calibrating the imager. 

5 57 * The system as recited in claim 56 wherein said 

imager is calibrated using a gray scale of * between 0-255 
pixels . 

58 • The system as recited in claim 56 wherein said 
light calibrator comprises a light calibration processor 

10 for generating an intensity index and focal index and 

also for determining an approximate focal distance using 
said intensity index and a actual focal distance using 
said focal index. 

59 ■ The system as recited in claim 58 wherein said 
15 intensity index is average light level and said focal 

index comprises a high spatial frequency, 

60 • The system as recited in claim 34 wherein said 
imager comprises : 

an adjustable support; 
20 a camera slidably mounted on said adjustable 

support ; 

a driver associated with said adjustable 
support and coupled to said video processor for driving 
said camera towards and away from said cylinder. 

25 61 • The system as recited in claim 60 wherein said 

system further comprises: 

a frame grabber coupled to, said camera and said 
video processor. 
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62 • The system as recited in claim 34 , further 

comprising: 

an adjustable shoe system for adjusting a shoe 
to a shoe position in the engraver. 

5 63 • The system as recited in claim 62, further 

comprising : 

a shoe driver coupled to said shoe and 
responsive to a shoe drive signal to move said shoe to 
said shoe position. 

10 64 - A system for imaging an engraved area, 

comprising: 

at least one imager for capturing an image of 
at least part of said engraved area; 

an illuminator associated with said at least 
15 one imager for illuminating said at least part of said 
engraved area; and 

an imager support for supporting said at least 
one imager in operative relationship with said engraved 
area . 

20 65 • The system as recited in claim 64 wherein said 

at least one imager comprises an autofocus camera. 

66 * The system as recited in claim 64 wherein said 

illuminator comprises a light calibrator for calibrating 
said at least one imager to a desired gray scale. 
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67 • A method for imaging an area of a surface of a 

cylinder comprising the steps of: 

supporting the cylinder on an engraver in 
operative relationship with an engraving head; 
5 imaging the area of the cylinder with an imager 

associated with said engraving head to provide image 
data; and 

focusing said imager on a surface of said 

cylinder. 

10 68 • T he method as recited in claim 67, further g 

. comprising : " 

calibrating said imager such that said image 
data falls within a maximum intensity value and a minimum 
intensity value. 

15 69 ■ The method as recited in claim 68 wherein said 

maximum intensity value is at least 90% of a maximum 
captured image intensity and said minimum intensity value 
is at least 55% of said maximum captured image intensity. 

70 • The method as recited in claim 67, further 
2 0 comprising: 

illuminating said area with a first light | 
intensity during said focusing step and a second light 
intensity during said imaging step. 

71 • The method as recited in claim 67, further 
25 comprising: 

focusing on a first focal area during said 
focusing step; 

imaging a second focal area* during said imaging 

, step . 
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72. The method as recited in claim 71 wherein said 

first focal area comprises a scratch on a surface of the 
cylinder . 

73 - The method as recited in claim 72 wherein said 

5 second focal area comprises at least one cell wall. 

74. The method as recited in claim 67, further 

comprising : 

determining an intensity index using said image 

data ; 

10 locating a first focal distance using said 

intensity index; 

driving said imager to said first focal 
distance in order to image said area. 

75 - The method as recited in claim 74, further 

15 comprising: 

generating a focal index .associated with said 
image data; 

locating a second focal distance using said 
focal index; 

20 driving said imager to said second focal 

distance in order to image said area. 

7 6. The method as recited in claim 67, further 

comprising : 

processing said image data to eliminate 
25 undesirable portions of said image. 

77 • The method as recited in claim 76 wherein said 

undesirable portions of said image comprise at least one 
scratch . 
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78 • The method as recited in claim 76, further 
comprising : 

organizing said image data into a table; 
identifying a plurality of connecting chords in 
5 adjacent rows using said table. 

79 * The method as recited in claim 78, further 
comprising: 

removing at least one of said plurality of 
connecting chords from said image data. 

10 80 • The method as recited in claim 67, further ^ 

comprising : 

filling discontinuities in said image data. 

81. The method as recited in claim 80, further 

15 comprising: 

organizing said image data into a table; 
locating said discontinuities using said table. 

82 - The method as recited in claim 81, further 

comprising : 

20 identifying said image data corresponding to 

said discontinuities using said table. | 

83 . The method as recited in claim 80 wherein said 

discontinuities comprise at least one gap in a cell wall 
on a surface of the cylinder, said filling step 
25 comprising the steps of: 

locating any image data associated with said 
gap; \ 

filling in said image data to eliminate said 
gap to provide a continuous image data. 
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84 • The method as recited in claim 83, further 

comprising: 

using said continuous image data to generate at 
least one actual dimension value. 

5 85 • The method as recited in claim 84 wherein said 

at least one actual dimension value corresponds to a cell 
width . 

86 • The method as recited in claim 67, further 
comprising : 

10 adjusting a relative position between a surface 

of said cylinder and said imager. 

87 ■ The method as recited in claim 67, further 
comprising : 

adjusting an angular position of said imager.. 

i5 88 • The method as recited in claim 67, further 

comprising : 

determining a best-focus position for said 

imager . 

89 - The method as recited in claim 88, further 

20 comprising: 

driving said imager to said best -focus 

position . 

90. The method as recited in claim 67, further 
comprising : 

25 adjusting a shoe into a shoe position. 

91. The method as recited in claim 90, further 
comprising : 

energizing a shoe driver to automatically drive 
said shoe into said shoe position. 
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92 - An engraver for engraving a cylinder, 
comprising : 

an engraving head having a shoe; and 
a shoe system coupled to said shoe for 
5 moving said shoe to a predetermined shoe position. 

93 * The engraver as recited in claim 92 wherein, 
said shoe system comprises: 

a shoe driver for driving said shoe to 
said predetermined shoe position in response to a shoe 
10 drive signal. 

94 - The engraver as recited in claim 93 wherein 
said shoe driver comprises a linear drive motor having a 
sensor associated therewith. 

95 • A method for positioning an engraving head in a 
15 predetermined position relative to a surface of a 

cylinder, comprising the steps of: 

situating a shoe on the engraving head; and 
energizing a shoe driver motor to drive said 

shoe to a predetermined shoe position. 

20 

96. The method as recited in claim 95 wherein said 

energizing step comprises the step of: 

energizing a shoe drive motor to move said shoe 
to said predetermined shoe position. 

25 97 - A method for measuring a portion of a cylinder 

in an engraver, said method comprising the steps of: 

focusing on an area of cylinder with an imager; 
imaging said portion with said imager; 
generating an array of data corresponding to 
30 said portion; and 

determining at least one actual dimension value 
using said array of data. 
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98 - The method as recited in claim 97, further 

comprising the step of : 

illuminating said area with a first 
predetermined light intensity during said focusing step. 

5 99. The method as recited in claim 98, further 

comprising the step of: 

illuminating said portion with a second 
predetermined light intensity during said imaging step. 

100 - Tne method as recited in claim 99 wherein said 

10 second predetermined light intensity is greater than sai 

first predetermined light intensity. 

101. The method as recited in claim 98 wherein said 

first predetermined light intensity is about 55-65% of a 
15 maximum intensity level . 

1° 2 - The method as recited in claim 99 wherein said 

wherein said first predetermined light intensity is at 
least 15 lux and said second predetermined light 
intensity is at least 20 lux. 



20 1° 3 - The method as recited in claim 97 wherein said 

focusing step comprises the step of: 

focusing on imperfections in a surface of the 

cylinder . 



1° 4 ■ The method as recited in claim 97 wherein said 

focusing step comprises the step of : 

focusing on at least one scratch in a surface 
of the cylinder. 

as recited in claim 103 wherein said 
least one cell. 



105. The method 

portion comprises at 
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106. The method as recited in claim 97 wherein said 
portion comprises at. least one cell. 

107. The method as recited in claim 106 wherein said 
area comprises at least one scratch on a surface of said 

5 cylinder. 

108. The method as recited in claim 97 wherein said 
portion comprises at least one undesired image, further 
comprising the steps of: 

processing said array of data to eliminate said 
10 at least one undesired image. 

109. The method as recited in claim 108 wherein said 
processing step comprises the steps of; 

identifying undesired image data corresponding 
to said at least one undesired image in said array of 
15 data; 

eliminating said undesired image data from said 
array of data. 

110. The method as recited in claim 97 wherein said 
array of data comprises a plurality of chords, said 

20 method further comprising the steps of: 

identifying any of said plurality of chords 
having a length in excess of a minimum chord length; 
eliminating said identified chord. 

111 - Th e method as recited in claim 110, further 

25 comprising the step of: 

repeating said identifying and eliminating 
steps for a plurality of rows within said array of data. 

112. The method as recited in claim 108 wherein said 

at least one undesired image comprises a scratch in a 
30 surface of said cylinder. 
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113. The method as recited in claim 110 wherein said 

method further comprises the step of: 

identifying chords that are between 3-10 
pixels in length. 

li4 • The method as recited in claim 97, further 

comprising the step of: 

locating a discontinuity in said portion. 

II 5 - The method as recited in claim 114, further 

comprising the step of: 

identifying discontinuous data in said array of 
data corresponding to said discontinuity; 

processing said discontinuous data to eliminate 
said discontinuity. 

15 116 * Th e method as recited in claim 115 wherein said 

portion comprises a cell, said discontinuity corresponds 
to a gap in a wall of said cell. 

117. The method as recited in claim 114 wherein said 

array of data comprises a plurality of rows of chords, 
said method further comprising the steps of: 
scanning said rows .of chords; 

identifying any of said plurality of rows of 
chords which comprise a chord width within a chord width 
range . 



20 



I 18 - The method as recited in claim 117, further 

comprising the step of: 

identifying a white chord which lies between, 
and is adjacent to, a second white chord, said white 
chord comprising a length of between 2-30 pixels. 
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119 • The method as recited in claim 115, further 

comprising the step of: 

filling in said array of data with continuity 
data to facilitate eliminating said discontinuity. 

5 120. The method as recited in claim 114, further 

comprising the step of: 

locating at least one tip associated with an 
image situated in said portion. 

121 • The method as recited in claim 114, further 
10 comprising the step of: 

locating a plurality of tips associated with an 
image situated in said portion. 

122 - The method as recited in claim 97, further 
comprising the step of: 

15 identifying a gap in an image situated in said 

portion. 

123 * The method as recited in claim 122, further 
comprising the step of: 

identifying data in said array of data 
2 0 corresponding to said gap; 

generating gap data to fill in said gap in said 
array of data. 

124. The method as recited in claim 97, further 
comprising the step of: 

25 using at least one camera having a depth of 

focus of about 15-25 microns. 

125. The method as recited in claim 97, further 
comprising the step of: 

positioning a camera in a generally 
30 perpendicular relationship to a surface of said cylinder. 
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126 • The method as recited in claim 97, further 

comprising the step of: 

adjusting a relative position between a surface 
of said cylinder and a camera. 

127 • The method as recited in claim 126, further 

comprising the step of: 

adjusting a tilt position of said camera. 

128 • Tn e method as recited in claim 126, further 

comprising the steps of : 

locking a camera into a locked camera position- 
when a focus image is at a predetermined contrast level. 

129 • The method as recited in claim 128 wherein said 

contrast level is at least 100 out of 255 gray levels. 

130. The method as recited in claim 126, further 

15 comprising the steps of: 

analyzing a contrast level of a captured image 
in said area; 

adjusting a camera position to maximize said 
contrast level of said captured image. 

20 131. The method as recited in claim 130, further 

comprising the steps of : 

illuminating said area with a first 
predetermined light intensity; 

adjusting said first predetermined light 
25 intensity in response to said contrast level. 
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132. The method as recited in claim 97, further 

comprising the steps of: 

generating a contrast level associated with 
either said area or said portion; 
5 adjusting a camera position in response to said 

contrast level. 

133 * The method as recited in claim 97, further 
comprising the steps of: 

using a strobe to effect said focusing step; 
10 adjusting an illuminating intensity of said 

strobe in response to a contrast level of an image 
captured in either said portion or said area. 

134 - The method as recited in claim 97 wherein said 
method further comprises the step of: 

15 generating an intensity index corresponding to 

said array of data; 

locating a first focal position using said 
intensity index. 



20 



135 • The method as recited in claim 134 wherein said 

method further comprises the step of : 

generating a high frequency index corresponding 
to said array of data; 

locating a second focal position using said 
high frequency index. 

25 136. The method as recited in claim 97 wherein said 

method further comprises the step of: 

generating a high frequency index corresponding 
to said array of data; 

locating a second focal position using said 
30 high frequency index. 
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137. The method as recited in claim 13 6 wherein said 
first focal position is an approximate focal distance and 
said second focal position is a actual focal distance. 

138. The method as recited in claim 97, further 
comprising : 

automatically adjusting a shoe position. 

139 - The method as recited in claim 97, further 

comprising : 

adjusting a shoe position, 

repeating focusing step after said adjusting 

step. 
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